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F I  L ING SUBJECT( s)- Orbi  ter/Bal l o o n  Communi c a t  i o n  
(ASSIGNED BY AUTHOR( SI- and Tracking  Sys tem 

A U T H O R ( S ~ -  K .  H .  Schmid 

A s imp le  and e f f i c i e n t  o r b i t e r / b a l l o o n  communication 
and  t r a c k i n g  sys tem for o b t a i n i n g  da ta  on t h e  Venusian 
atmosphere i s  deve loped .  Twelve m e t e o r o l o g i c a l  b a l l o o n s  
immersed i n  t h e  atmosphere,  and a s a t e l l i t e  ( o r b i t e r )  i n  
o r b i t  about  Venus, w i l l  be t h e  v e h i c l e s  t o  c o l l e c t ,  s t o r e ,  
and  re lay t o  Ea r th  s c i e n t i f i c  data on t h e  Venusian 
atmosphere.  

I n s t r u m e n t a t i o n  aboard t h e  b a l l o o n s  w i l l  measure 
v a r i o u s  a tmospher ic  pa rame te r s  T h i s  da ta  w i l l  be s t o r e d  
for e v e n t u a l  t r a n s m i s s i o n  t o  t h e  o r b i t e r .  

The o r b i t e r  w i l l  o p e r a t e  i n  e i t h e r  t h e  s e a r c h  mode 
o r  t h e  communication and t r a c k i n g  mode. I n i t i a l l y  t h e  s e a r c h  
mode i s  used  to l o c a t e  a b a l l o o n .  When a b a l l o o n  i s  l o c a t e d ,  
a two-way c o h e r e n t  r a d i o  l i n k  w i l l  b e  es tab l i shed  f o r  r e a d i n g  
o u t  data s t o r e d  aboard  t h e  b a l l o o n ;  t h i s  data  t h e n  w i l l  b e  
s t o r e d  aboard  t h e  o r b i t e r .  I n  a d d i t i o n ,  t h e  o r b i t e r  w i l l  
d e t e rmine  t h e  i o c a t i ~ ~  of each  b a l l o m  !r=rnge, r ange  r a t e ,  
and a n g l e )  w i t h  r e s p e c t  t o  t h e  o r b i t e r  and w i l l  s t o r e  t h i s  
data. During each  r e v o l u t i o n ,  t h e  o r b i t e r  w i l l  c o n t a c t  a l l  
o f  t he  b a l l o o n s  and t h e n  re lay  t h e  data t o  E a r t h  v i a  a second,  
two-way cohe ren t  r a d i o  l i n k .  

R e s u l t s  of  t h i s  s t u d y  show t h a t  communicating w i t h  
and t r a c k i n g  the  b a l l o o n s  by the  o r b i t e r ,  u s i n g  two f r e q u e n c i e s  
on a t ime-shar ing  bas i s ,  i s  a feas ib le  and e f f i c i e n t  sys t em.  . 
Impor t an t  pa rame te r s  a s s o c i a t e d  w i t h  t h i s  s y s t e m  are summarized 
i n  T a b l e s  I11 and I V .  T h i s  memorandum dea ls  e x c l u s i v e l y  w i t h  
t h e  o r b i t e r / b a l l o o n  l i n k s .  A b r i e f  d e s c r i p t i o n  o f  t h e  o r b i t e r /  
E a r t h  l i n k s  i s  g i v e n  i n  Reference 3. 
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and Track ing  System for Obta in ing  
Data on t h e  Venusian Atmosphere - FROM: K .  H. Schmid 
Case 105-3 

TM 69-2034-1 

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

M e t e o r o l o g i c a l  b a l l o o n s  immersed i n  t h e  Venusian 
a tmosphere ,  and a s a t e l l i t e  ( o r b i t e r )  i n  o r b i t  about  Venus, 
w i l l  b e  t h e  v e h i c l e s  t o  c o l l e c t ,  s t o r e ,  and r e l a y  t o  E a r t h  
s c i e n t i f i c  data  on t h e  Venusian atmosphere.  

I n s t r u m e n t a t i o n  aboard  t h e  b a l l o o n s  w i l l  measure 
a tmosphe r i c  t e m p e r a t u r e ,  p r e s s u r e ,  humid i ty ,  l o c a l  t u r b u l e n c e  
and l o c a l  e l e c t r i c a l  a c t i v i t y .  T h i s  d a t a  w i l l  be s t o r e d  f o r  
e v e n t u a l  t r a n s m i s s i o n  t o  t h e  o r b i t e r .  

The o r b i t e r  w i l l  o p e r a t e  i n  e i t h e r  t h e  s e a r c h  mode 
or t h e  communication and t r a c k i n g  mode. I n i t i a l l y ,  t h e  s e a r c h  
mode w i l l  be  used  t o  l o c a t e  a b a l l o o n .  When a b a l l o o n  i s  l o c a t e d ,  
a two-way cohe ren t  r a d i o  l i n k  w i l l  b e  e s t a b l i s h e d  f o r  r e a d i n g  o u t  
data s t o r e d  aboard  t h e  b a l l o o n ;  t h i s  data  t h e n  w i l l  be s t o r e d  
aboa rd  t h e  o r b i t e r .  I n  a d d i t i o n ,  t h e  o r b i t e r  w i l l  d e t e rmine  t h e  
l o c a t i o n  o f  each  b a l l o o n  ( r a n g e ,  r ange  r a t e ,  and a n g l e )  w i t h  
r e s p e c t  t o  t h e  o r b i t e r  and w i l l  s t o r e  t h i s  da ta .  During each 
r e v o l u t i o n ,  t h e  o r b i t e r  w i l l  c o n t a c t  a l l  of t h e  b a l l o o n s  and 
t h e n  r e l a y  t h e  data t o  E a r t h  v i a  a second,  two-way c o h e r e n t  
r a d i o  l i n k .  

Ba l loon  and o r b i t e r  e l e c t r o n i c  systems f o r  implementing 
t h i s  p r o j e c t  are  developed i n  t h i s  memorandum. The o v e r a l l  
b a l l o o n / o r b i t e r  communication and t r a c k i n g  system developed  here  
Is  an updated v e r s i o n  of  a s y s t e m  proposed ear1 ier . l  The updated  
sys tem o f f e r s  a s i m p l e r  and more e f f i c i e n t  d e s i g n  compared t o  
t h e  e a r l i e r  system. 

For comple teness ,  t h e  i n i t i a l  deployment o f  t h e  o r b i t e r /  
b a l l o o n  system i s  summarized i n  t h e  n e x t  s e c t i o n ;  t h e  deployment 
i s  t r e a t e d  i n  d e t a i l  i n  References  2 and 3. O v e r a l l  o p e r a t i o n  
o f  t h e  o r b i t e r / b a l l o o n  communication and t r a c k i n g  system i s  
p r e s e n t e d  i n  S e c t i o n  111. The o r b i t e r  and b a l l o o n  e l e c t r o n i c  
sys tems are d e s c r i b e d  i n  S e c t i o n  I V .  Systems a n a l y s i s  p e r t a i n i n g  
t o  t h e  o r b i t e r / b a l l o o n  two-way r a d i o  l i n k  Is performed i n  S e c t i o n  V.  
Weight,  s i z e  and power r equ i r emen t s  are d i s c u s s e d  i n  S e c t i o n  V I .  
L a s t l y ,  c o n c l u s i o n s  p e r t a i n i n g  t o  t h e  o v e r a l l  sys tem,  and a 
summary of i m p o r t a n t  system pa rame te r s  are  p r e s e n t e d .  
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11. DEPLOYMENT OF ORBITER AND BALLOONS2 3 

The o r b i t e r ,  and two p r o b e s  c a r r y i n g  s i x  b a l l o o n s  e a c h ,  
w i l l  b e  deployed  from a (manned or unmanned) Venus f l y b y  v e h i c l e .  

One p o s s i b l e  s t r a t e g y  would r e q u i r e  t h e  p robe  to re lease 
i t s  b a l l o o n s  n e a r  t h e  sub-Ear th  p o i n t ;  t h e  o t h e r  p robe  would re lease  
i t s  b a l l o o n s  n e a r  t h e  a n t i - E a r t h  p o i n t .  The b a l l o o n s  cou ld  be 
deployed  a t  s p e c i f i c  h e i g h t s  between, s a y ,  f i v e  and f o r t y - f i v e  
k i l o m e t e r s .  Planned l i f e t i m e  of t h e  b a l l o o n s  i s  t h i r t y  d a y s .  I f  
t u r b u l e n t  c o n d i t i o n s  e x i s t ,  t h e  b a l l o o n s  may become wide ly  d i s p e r s e d  
i n  t h e  atmosphere d u r i n g  t h i s  t i m e  p e r i o d .  

The o r b i t e r  w i l l  be  p l a c e d  i n  a 4000 k i l o m e t e r  a l t i t u d e ,  
c i r c u l a r  o r b i t .  One r e v o l u t i o n  w i l l  o c c u r  e v e r y  185 minu tes  
( e q u i v a l e n t  to a n  a n g u l a r  r a t e  of 1 . 9 5  degrees p e r  m i n u t e ) .  
e a c h  r e v o l u t i o n ,  t h e  o r b i t e r  w i l l  a t t e m p t  to a c q u i r e  and communicate 
w i t h  t h e  t w e l v e  b a l l o o n s  on a t ime-sha r ing  basis .  The i n i t i a l  
o r b i t e r / b a l l o o n  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  1. 

During 

III. OPERATION OF THE ORBITER/BALLOON ELECTRONIC SYSTEMS 

A .  Gene ra l  

I n  t h i s  d e s i g n ,  t h e  o r b i t e r  c o n t a c t s  t h e  b a l l o o n s  on a 
t ime-sha r ing  basis .  Thus,  o n l y  one p a i r  o f  f r e q u e n c i e s  i s  r e q u i r e d  
t o  e s t a b l i s h  a two-way l i n k  between t h e  o r b i t e r  and any b a l l o o n .  
A s i m p l e ,  e f f i c i e n t ,  h i g h l y  r e l i a b l e ,  and minimum c o s t  system 
r e s u l t s  from t h i s  d e s i g n  approach because  ( a )  o n l y  one c a r r i e r  
t r a c k i n g  l o o p ,  v o l t a g e  c o n t r o l l e d  o s c i l l a t o r  ( V C O )  i s  r e q u i r e d  i n  
e a c h  b a l l o o n  e l e c t r o n i c  system and i n  t h e  o r b i t e r  e l e c t r o n i c  s y s t e m ,  
and ( b )  a n  i d e n t i c a l  e l e c t r o n i c  sys tem can  be  used aboard  all 
b a l l o o n s .  F i g u r e s  2 and 3 d e p i c t  t h e  o r b i t e r  and b a l l o o n  e l e c -  
t r o n i c  sys t ems .  

Opera t ion  of t h e  e n t i r e  o r b i t e r / b a l l o o n  s y s t e m  i n  b o t h  
t h e  s e a r c h  mode and t h e  communications and t r a c k i n g  mode i s  
c o n t r o l l e d  by t h e  programmer. The  prograiilmer l o g l c  ( F i g u r e  4) I s  
e x p l a i n e d  below. 

B. O r b i t e r  Sea rch  Mode 

P r i o r  to l o c a t i n g  a b a l l o o n ,  t h e  o r b i t e r  o p e r a t e s  i n  t h e  
s e a r c h  mode. A f a n  beam, formed by t h e  o r b i t e r  phased a r r ay ,  i s  
s e l e c t e d  to g i v e  a wide beamwidth (55')  i n  t h e  c r o s s - o r b i t  p l a n e .  
Thus,  as t h e  o r b i t e r  r e v o l v e s  abou t  Venus, t h e  f a n  beam i l l u m i n a t e s  
a l a r g e  band i n  which t h e  b a l l o o n s  w i l l  most l i k e l y  be l o c a t e d .  
Af t e r  s e l e c t i o n  of  t h e  f a n  beam, t h e  o r b i t e r  t r a n s m i t t e r  VCO i s  
swept  once  th rough  i t s  e n t i r e  f requency  r a n g e  and  t h e n  t h e  VCO i s  
r e t u r n e d  t o  i t s  nominal c e n t e r  f r equency .  S imul t aneous ly ,  t h e  
ove r f low c o u n t e r  i s  s e t  t o  t h e  number, 1. 
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By u s i n g  t h e  f a n  beam and a complete  sweep of t h e  
t r a n s m i t t e r  VCO, a number of  b a l l o o n  r e c e i v e r s  may have locked-  
up to t h e  c a r r i e r .  The programmer n e x t  i n s t r u c t s  t h e  address and 
command encode r  t o  address b a l l o o n  number K ,  where K i s  a n  i n t e g e r  
between 1 and 1 2 ;  t he  i n i t i a l  s e t t i n g  of  t he  address c o u n t e r  i s  
immaterial. (If  b a l l o o n  number K r e c e i v e s  i t s  address ,  t h e  b a l l o o n  
t u r n s  on i t s  t r a n s m i t t e r . )  The programmer n e x t  a c t i v a t e s  c o n t i n u o u s  
sweep of t he  o r b i t e r  r e c e i v e r  VCO t o  s e a r c h  f o r  a r ece ived  c a r r i e r  
from b a l l o o n  number K .  

I f  an  in - lock  i n d i c a t i o n  o f  t h e  o r b i t e r  r e c e i v e r  phase 
l o c k  loop  i s  n o t  ach ieved  w i t h i n  a s p e c i f i e d  t i m e  p e r i o d ,  t h e  
programmer l o g i c  s u r m i s e s  t h a t  b a l l o o n  number K was n o t  i l l u m i n a t e d  
b y  t h e  f a n  beam. Other b a l l o o n s  may have been i l l u m i n a t e d ,  however, 
and these b a l l o o n  r e c e i v e r s  shou ld  b e  i n - l o c k  due to t h e  i n i t i a l  
f r equency  sweep o f  t h e  t r a n s m i t t e r .  Thus, t h e  programmer s t e p s  t h e  
address c o u n t e r  and ove r f low c o u n t e r  b y  one coun t .  S i n c e  t h e  over-  
f low c o u n t e r  does n o t  ove r f low ( a n  ove r f low would have o c c u r r e d  i f  
i t s  s e t t i n g  were 12), a "no overf low" p u l s e  i n i t i a t e s  t h e  t r a n s m i t t a l  
of b a l l o o n  address number (K + 1). The loop  descr ibed  here  i s  
c y c l e d  up to a t o t a l  o f  twelve times. If twe lve  u n s u c c e s s f u l  
b a l l o o n  i n t e r r o g a t i o n s  o c c u r ,  t h e  ove r f low c o u n t e r  g e n e r a t e s  an  
"over f low" p u l s e  t h a t  i n i t i a t e s  a n o t h e r  s i n g l e  sweep o f  t h e  o r b i t e r  
t r a n s m i t t e r  VCO. S i n c e  t he  f a n  beam has swept ahead d u r i n g  t h i s  
t i m e  i n t e r v a l  due t o  t h e  o r b i t e r ' s  mot ion ,  a number of b a l l o o n s  
may lock-up on t h i s  t r a n s m i t t e r  VCO sweep. The address of  b a l l o o n  
number K i s  repeated and sweep o f  t h e  r e c e i v e r  VCO i s  i n i t i a t e d  
as b e f o r e .  

The p r o c e s s  descr ibed  above repea ts  i t s e l f  u n t i l  a 
b a l l o o n  i s  a c q u i r e d .  When a b a l l o o n  i s  a c q u i r e d ,  i . e .  t h e  o r b i t e r  
r e c e i v e r  l o c k s  t o  a r e c e i v e d  c a r r i e r ,  t he  programmer e n t e r s  the  
communication and t r a c k i n g  mode ( F i g u r e  4) as d e s c r i b e d  below. 
I n  t h i s  manner, a l l  b a l l o o n s  should  be  a c q u i r e d  once d u r i n g  each  
r e v o l u t i o n  of t h e  o r b i t e r .  

C .  O r b i t e r  Communications and Tracking  Mode 

When the  o r b i t e r  r e c e i v e r  l o c k s  to a r e c e i v e d  c a r r i e r ,  
t he  sweep of t h e  r e c e i v e r  VCO i s  a u t o m a t i c a l l y  t e r m i n a t e d .  Then 
t h e  c o n i c a l  beam i s  s e l e c t e d ;  t h e  beam t r a c k s  t h e  r e c e i v e d  c a r r i e r .  
A command to s w i t c h  t o  low power and i n i t i a t e  da ta  t r a n s m i s s i o n  
i s  t r a n s m i t t e d  t o  t h e  b a l l o o n .  Af t e r  t h i s  command, r ange  code 
t r a n s m i s s i o n  by t h e  o r b i t e r  b e g i n s .  

The r ange  code i s  t ransponded a t  t h e  b a l l o o n  where i t  
i s  combined w i t h  a 1 0  kHz d a t a  s u b c a r r i e r ;  t h e  combined s i g n a l  
i s  t r a n s m i t t e d  t o  t h e  o r b i t e r .  S c i e n t i f i c  data  r e c e i v e d  from t h e  
b a l l o o n ,  and r ange ,  v e l o c i t y ,  and beam t r a c k i n g  a n g l e  data are 
f o r m a t t e d  and s e n t  t o  t h e  o r b i t e r ' s  data s t o r a g e  f o r  e v e n t u a l  
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t r a n s m i s s i o n  t o  Earth.  Upon c o n c l u s i o n  of data r e c e p t i o n ,  t he  
programmer t e r m i n a t e s  r ange  code t r a n s m i s s i o n  and sends  a command 
t o  t u r n  o f f  t h e  b a l l o o n  t r a n s m i t t e r .  

Next ,  t h e  a d d r e s s  c o u n t e r  i s  s tepped  b y  one count  ( n o t e  
t h a t  t h e  address c o u n t e r  i s  n o t  r e t u r n e d  t o  K = l ) ,  and t h e  ove r f low 
c o u n t e r  i s  r e se t  t o  t h e  number, 1. The f a n  beam i s  s e l e c t e d  and 
t h e  search mode i s  o p e r a t i v e  as d e s c r i b e d  i n  Paragraph 1 1 1 - B .  The 
s e a r c h  mode i s  needed s i n c e  o t h e r  b a l l o o n  r e c e i v e r s  t h a t  may have 
been  a c q u i r e d  d u r i n g  t h e  p r e v i o u s  s e a r c h  p e r i o d  p robab ly  would have  
l o s t  l o c k  when the  array was swi t ched  t o  t h e  c o n i c a l  beam o f  t h e  
communications and t r a c k i n g  mode. 

I V .  DESCRIPTION OF THE ORBITER AND BALLOON ELECTRONIC SYSTEMS 

A. Gene ra l  

A c o n c i s e  d e s c r i p t i o n  o f  t he  o r b i t e r  and b a l l o o n  
e l e c t r o n i c  s y s t e m s  i s  g i v e n  be low.  

B. The O r b i t e r  E l e c t r o n i c  System 

The o r b i t e r  e l e c t r o n i c  s y s t e m  ( F i g u r e  2 )  c o n s i s t s  o f  
t h e  f o l l o w i n g  subsystems : 

o r b i t e r .  

programmer and t iming ;  

d i p l e x e r ,  and a m u l t i p l e  beam, phased a r r a y  a n t e n n a ;  

S-band t r a n s m i t t e r  and phase- locked  r e c e i v e r ;  

s u b c a r r i e r  demodulator;  

VCO sweeper; 

address and command encoder ;  

d i g i t a l  r a n g i n g  g e n e r a t o r ;  

d o p p l e r  e x t r a c t o r ;  

a n g l e  encode r ;  

data s t o r a g e .  

The programmer i s  t h e  computer c o n t r o l  c e n t e r  o f  t he  
A s  d e s c r i b e d  i n  S e c t i o n  111, s w i t c h i n g  o f  the an tenna  

beam, sweeping of t he  t r a n s m i t t e r  o r  r e c e i v e r  VCO, o p e r a t i o n  of 
t h e  address and command encoder ,  and o p e r a t i o n  o f  t he  d i g i t a l  
r a n g i n g  g e n e r a t o r  and d o p p l e r  e x t r a c t o r  are c o n t r o l l e d  a c c o r d i n g  
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x 

t o  a sequence e n t e r e d  i n t o  the programmer p r i o r  t o  l aunch .  Also, 
an a c c u r a t e  t i m i n g  s y s t e m  ( l o n g  term combined accu racy  and 
s t a b i l i t y  = i s  i n c o r p o r a t e d  i n  t h i s  subsys tem t o  f u r n i s h  
c l o c k  s i g n a l s  t o  t h e  programmer and a r e f e r e n c e  f r equency  t o  t h e  
S-band t r a n s m i t t e r .  

a 

The phased a r r a y  an tenna  p r o v i d e s  e i t h e r  a f a n  beam 
or a c o n i c a l  beam; s e l e c t i o n  of t h e  des i red  beam i s  c o n t r o l l e d  
by the  programmer. When t h e  o r b i t e r  i s  s e a r c h i n g  f o r  a b a l l o o n  
( s e a r c h  mode), t h e  f a n  beam i s  used  because  it has a wide beam- 
w i d t h  (55  degrees) i n  t h e  c r o s s - o r b i t  p l a n e .  To f u r t h e r  f a c i l i t a t e  
s e a r c h ,  t h e  beam i s  p o i n t e d  5 degrees fo rward  of l o c a l  v e r t i c a l .  
Once a b a l l o o n  i s  l o c a t e d ,  t h e  programmer s e l e c t s  t h e  c o n i c a l  
( h i g h  g a i n )  beam which i s  used for communicating w i t h  and t r a c k i n g  
t h e  b a l l o o n  (communication and t r a c k i n g  mode). I n c r e a s e d  g a i n  
a f f o r d e d  by t h e  c o n i c a l  beam compensates f o r  lower  b a l l o o n  t r a n s m i t  
power i n  t h i s  mode, and f o r  modula t ion  l o s s  o f  t h e  c a r r i e r .  

The a n t e n n a  c o n s i s t s  of a 1 0  x 1 0  m a t r i x  of t r a n s m i t t i n g /  
r e c e i v i n g  e l emen t s .  Eacn element i s  a s i x - t u r n  h e l i x ;  t h e  e l e m e n t s  
are spaced  b y  about  A/2. By s e l e c t i n g  a c i r cumfe rence  of 1 X  and 
a s p a c i n g  between t u r n s  o f  0.15A, t h e  r e s u l t a n t  h a l f  power 
beamwidth of  each  h e l i x  i s  55 degrees and t h e  g a i n  i s  11 .3  db.  

Formation of  t h e  f a n  beam i s  a c h i e v e d  by a c t i v a t i n g  
o n l y  a 1 0  x 1 submat r ix  o f  t h e  a n t e n n a ;  t h e  long  dimension o f  
t h i s  s u b m a t r i x  i s  p a r a l l e l  t o  t he  i n - o r b i t  p l a n e .  The r e s u l t a n t  
beamwidth i s  55 degrees  i n  the  c r o s s - o r b i t  p l a n e ,  and 1 0  degrees 
i n  t h e  i n - o r b i t  p l a n e .  The i n - o r b i t  beamwidth meets  t h e  r e q u i r e -  
ments d e r i v e d  i n  Paragraph  V-B. Gain of  t h e  f a n  
beam5 i s  16.6 db; however, t he  o r b i t e r  must b e  c a p a b l e  o f  
l o c a t i n g  a b a l l o o n  a t  any c o r n e r  p o i n t  of t h e  f a n  beam and 
t h e r e f o r e  t h e  wors t  c a s e  g a i n  i s  6 db lower .  Thus, a g a i n  of 
10 .6  db i s  used  i n  t h e  l i n k  c a l c u l a t i o n s  i n  t h e  Appendices.  I f  
a b a l l o o n  i s  w i t h i n  t h e  f a n  beam, b u t  i s  n o t  l o c a t e d  a t  a c o r n e r  
of  t h e  f a n  beam,the i n c r e a s e d  g a i n  serves  as a safe ty  margin  
o v e r  t h e  r e s u l t s  o b t a i n e d  i n  t h e  l i n k  c a l c u l a t i o n s .  

A l l  e l e m e n t s  of t h e  1 0  x 10 m a t r i x  are a c t i v a t e d  
t o  form t h e  c o n i c a l  beam; a n  i d e a l  g a i n  of 31.3 db i s  o b t a i n e d .  
Allowing d e g r a d a t i o n s  of 2.3 db due t o  i m p e r f e c t  phas ing ,  4 .0  d b  
f o r  beam shap ing  and ohmic l o s s e s ,  0 . 5  db f o r  t r a c k i n g  e r r o r ,  and 
0.5 db for beam s p r e a d i n g  a t  227.5 degrees from l o c a l  v e r t i c a l ,  
y i e l d s  a n  a c t u a l  (wors t  c a s e )  g a i n  o f  2 4  db and a beamwidth 
( 3  db )  of 1 0  d e g r e e s .  

6 

The S-band t r a n s m i t t e r  is phase- locked  to the  high 
s t a b i l i t y  r e f e r e n c e  frequency from t h e  t i m i n g  subsystem. Upon 
d i r e c t i o n  from t h e  programmer, t h e  t r a n s m i t  c a r r i e r  e i t h e r  may 
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b e  swept a c r o s s  t h e  n e c e s s a r y  sweep r a n g e  t o  a c q u i r e  b a l l o o n  
r e c e i v e r  phase  l o c k  l o o p s ,  o r  may b e  phase  modulated by one o f  
t h e  f o l l o w i n g :  

( a )  a n  address word (10 b i t s  a t  600  b p s ) ,  

( b )  a command word (10 b i t s  a t  6 0 0  b p s ) ,  o r  

( c )  t he  r a n g i n g  code (10 kbps c o n t i n u o u s ) .  

The r e c e i v e r  must b e  swept a c r o s s  t h e  n e c e s s a r y  sweep 
r a n g e  to a c q u i r e  a c a r r i e r  r e c e i v e d  from a b a l l o o n .  If a c a r r i e r  
i s  r e c e i v e d ,  t h e  sweep i s  terminated and t h e  r e c e i v e r  l o c k s  to t h e  
c a r r i e r .  The r e c e i v e r  c o h e r e n t l y  demodulates  t h e  s i g n a l ,  and 
d e l i v e r s  t h e  r e s u l t a n t  d a t a  s u b c a r r i e r  t o  t h e  s u b c a r r i e r  demodula tor  
and t h e  r a n g i n g  s i g n a l  to t h e  d i g i t a l  r a n g i n g  g e n e r a t o r .  C e r t a i n  
c o h e r e n t  f r e q u e n c i e s  d e r i v e d  i n  t h e  t r a n s m i t t e r  and r e c e i v e r  are  
s e n t  t o  t h e  d o p p l e r  e x t r a c t o r  for p r o c e s s i n g .  

While i n  t h e  s e a r c h  mode, t h e  VCO sweeper f i r s t  pe r fo rms  
one sweep o f  t h e  t r a n s m i t t e r  K O .  Then t h e  address  and command 
encode r  a d d r e s s e s  one b a l l o o n  a t  a t i m e .  ( I f  a b a l l o o n  i s  
i l l u m i n a t e d  by t h e  f a n  beam and r e c e i v e s  i t s  p a r t i c u l a r  a d d r e s s ,  
t h e  b a l l o o n  r e a c t s  by t u r n i n g  on i t s  t r a n s m i t t e r . )  S imul t aneous ly  
t h e  VCO sweeper b e g i n s  t o  sweep t h e  r e c e i v e r  VCO t o  s e a r c h  for a 
r e t u r n  c a r r i e r .  Once two-way lock-up of t h e  o r b i t e r / b a l l o o n  
communication l i n k  i s  ach ieved ,  sweep of  t h e  r e c e i v e r  VCO i s  
t e r m i n a t e d  by t h e  programmer. 

The address and command encode r  t h e n  sends  commands to 
the b a l l o o n  to s w i t c h  t o  low power and i n i t i a t e  data  r e a d o u t .  
At t h e  end of  data  r e a d o u t ,  a command i s  sent t o  t u r n  o f f  t h e  
b a l l o o n  t r a n s m i t t e r .  These command words a r e  common for a l l  
b a l l o o n s  - on ly  t h e  address word i s  d i f f e r e n t  for each  b a l l o o n .  

The s u b c a r r i e r  demodulator  d e t e c t s  t h e  d i g i t a l  da ta  and 
t h e n  d e l i v e r s  i t  t o  t h e  o r b i t e r ' s  da ta  s t o r a g e  subsystem. 

During t h e  b a l l o o n  data  r e a d o u t  p e r i o d ,  t h e  programmer 
e n a b l e s  t h e  d i g i t a l  r a n g i n g  g e n e r a t o r  and t h e  d o p p l e r  e x t r a c t o r .  
A pseudo n o i s e  ( P N )  r a n g i n g  code i s  t r a n s m i t t e d  to t h e  b a l l o o n  where 
t h e  code i s  t ransponded back t o  t h e  o r b i t e r .  The d i g i t a l  r a n g i n g  
g e n e r a t o r  d e t e c t s  t h e  r e c e i v e d  code and de te rmines  t h e  d e l a y  o f  t h e  
r e c e i v e d  code r e l a t i v e  to t h e  t r a n s m i t t e d  code.  The round t r i p  d e l a y  
i s  e q u i v a l e n t  t o  r ange .  Range da ta ,  d e r i v e d  by t h i s  t e c h n i q u e ,  i s  
d e l i v e r e d  to t h e  data  s t o r a g e  subsystem. The expec ted  r ange  accu racy  
i s  f 1 . 0  km. 

The dopp le r  e x t r a c t o r  d e t e r m i n e s  t h e  r e l a t i v e  v e l o c i t y  
between t h e  b a l l o o n  and t h e  o r b i t e r .  Doppler  i s  d e r i v e d  by manip- 
u l a t i n g  t h e  t r a n s m i t  and r e c e i v e  f r e q u e n c i e s  which a re  c o h e r e n t l y  
r e l a t ed .  V e l o c i t y  d a t a  i s  s e n t  to t h e  d a t a  s t o r a g e  subsystem. 
The e x p e c t e d  v e l o c i t y  accuracy i s  f 0 . 5  meters / second.  
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The a n g l e  encode r  s e n s e s  t he  d i r e c t i o n  o f  t h e  c o n i c a l  
beam, and f u r n i s h e s  a d i g i t a l  r eadou t  to t h e  da ta  s t o r a g e  sub- 
sys tem.  The e x p e c t e d  a n g l e  accu racy  i s  f 1 degree.  

Thus, t h e  data  s t o r a g e  subsys tem c o l l e c t s  and f o r m a t s  
s c i e n t i f i c  data  r e c e i v e d  from t h e  b a l l o o n s  and p o s i t i o n  data  
o f  t he  b a l l o o n s  w i t h  r e s p e c t  t o  t he  o r b i t e r .  Once d u r i n g  e a c h  
o r b i t ,  a command i s  r e c e i v e d  from E a r t h  to r e a d o u t  t h e  s t o r e d  
data  f o r  t r a n s m i t t a l  to Earth.  

C. The Ba l loon  E l e c t r o n i c  Sys tem ~ 

The b a l l o o n  e l e c t r o n i c  s y s t e m  ( F i g u r e  3 )  c o n s i s t s  of 
t he  f o l l o w i n g  subsys t ems :  

( a )  d i p l e x e r  and widebeam a n t e n n a ,  I 

I 

( b )  phase- locked S-Band t r a n s p o n d e r ,  ~ 

( c )  address and command decoder ,  

( d )  data s t o r a g e ,  

( e )  s u b c a r r i e r  modu la to r ,  

( f )  t i m i n g  and l o g i c ,  and 

( g )  t r a n s m i t t e r  mon i to r  and d e s t r u c t .  ~ 

S i n c e  t h e  b a l l o o n s  may be  s u b j e c t e d  to high  winds,  
an  a n t e n n a ,  hav ing  a wide beamwidth ( 3  d b )  of  l o o o ,  i s  used  to 
i n s u r e  r e l i ab le  communications w i t h  t he  o r b i t e r .  

The S-band t r a n s p o n d e r  c o h e r e n t l y  d e r i v e s  i t s  t r a n s m i t  
f r equency  from t h e  r e c e i v e  f requency  ( t h e  turn-around f r equency  
r a t i o  i s  221). 
p r o c e d u r e ,  t h e  c o h e r e n t  f e a t u r e  o f f e r s  a c c u - a t e  range and v e i o c i t y  
measurements ?.board t 5 e  ~ r k i t c r .  This 262eC capab i l l f t y  Inore t h a n  
o f f s e t s  t h e  d i f f i c u l t y  of a c q u i s i t i o n .  
t h e  data  s u b c a r r i e r .  
r a n g i n g  code and data s u b c a r r i e r ,  phase modula tes  t h e  b a l l o o n  
t r a n s m i t  c a r r i e r .  

240 While a cohe ren t  t r a n s p o n d e r  r e q u i r e s  a n  a c q u i s i t i o n  

I 
The t r a n s p o n d e r  a l s o  a c c e p t s  

The r e s u l t a n t  baseband, c o n s i s t i n g  of  t h e  

The address and command decode r  d e t e c t s  address or 
command words which are phase modulated on the  r e c e i v e d  c a r r i e r .  
Each b a l l o o n  has a p r e s e t  address word s t o r e d  i n  t h e  decoder .  If 
t h i s  address i s  r e c e i v e d ,  t he  b a l l o o n  t u r n s  on i t s  t r a n s m i t t e r  
a t  f u l l  power. Subsequent command words reduce  t h e  t r a n s m i t  
power ( a f t e r  two-way lock-up at t he  o r b i t e r ) ,  i n i t i a t e  data 
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t r a n s m i s s i o n ,  and f i n a l l y  t u r n  o f f  t he  t r a n s m i t t e r .  Command words 
are t h e  same f o r  e a c h  b a l l o o n ;  these commands are n o t  a c c e p t e d ,  

* however,  u n l e s s  t h e  c o r r e c t  a d d r e s s  word has been  r e c e i v e d  f i r s t .  

The data s t o r a g e  subsys tem r e t a i n s  up to 800 b i t s  o f  
d s c i e n t i f i c  i n f o r m a t i o n  ( i n c l u d i n g  t h e  b a l l o o n ' s  address word which 

tags  the  da t a ) .  When t h e  a p p r o p r i a t e  command word i s  r e c e i v e d  
from t h e  o r b i t e r ,  t he  data i s  dumped i n  se r ia l  form to t h e  s u b c a r r i e r  
modula tor .  The d i g i t a l  da ta  phase s h i f t  keys  (PSK) a 1 0  kHz 
s u b c a r r i e r  a t  a r a t e  of 60 b p s .  

A t i m i n g  and l o g i c  subsys tem i n h i b i t s  b a l l o o n  t r a n s m i s s i o n  
f o r  t h e  twenty  minute  p e r i o d  immediately f o l l o w i n g  t u r n o f f  o f  t h e  
b a l l o o n  t r a n s m i t t e r .  Thus,  t h e  o r b i t e r  cannot  a c q u i r e  t h e  same 
b a l l o o n  mere t h a n  once d-aring each o r b l t .  The t i m i n g  and logic 
subsys tem a l s o  a c t i v a t e s  a d e s t r u c t  mechanism i f  t h e  t r a n s m i t t e r  
does n o t  t u r n  o f f  a f t e r  a f o u r  hour p e r i o d .  The d e s t r u c t  f e a t u r e  
i s  r e q u i r e d  s i n c e  a l l  b a l l o o n s  t r a n s m i t  t h e  same f requency  which 
must be time-shared to p r e v e n t  i n t e r f e r e n c e  a t  t h e  o r b i t e r .  

V. SYSTEMS A N A L Y S I S  

A. Worst Case T i m e  Required f o r  t h e  O r b i t e r  to Acquire  
and Process S i x  B a l l o o n s  

The wors t  c a s e  t i m e  r e q u i r e d  f o r  t h e  o r b i t e r  to a c q u i r e  
and p r o c e s s  s i x  b a l l o o n s  i s  c a l c u l a t e d  here  s o  t h a t  t h e  minimum 
r e q u i r e d  i n - o r b i t  beamwidth of  t h e  f a n  beam can be  c a l c u l a t e d  i n  
Paragraph V-B. 

The c r o s s - o r b i t  beamwidth  of t h e  f a n  beam i s  f i x e d  a t  
55". To maximize t h e  g a i n  of t h e  f a n  beam, t h e  i n - o r b i t  beamwidth 
must be minimized. Minimum beamwidth i s  c o n s t r a i n e d  by t h e  
r e q u i r e m e n t  t h a t  t h e  i n - o r b i t  beamwidth must b e  s u f f i c i e n t l y  l a rge  
such  t ha t  s i x  c l o s e l y  grouped b a l l o o n s  ( a t  t h e  sub-Ear th  p o i n t ,  
f o r  example)  can  be  a c q u i r e d  and p r o c e s s e d  by t h e  o r b i t e r  as it 
passes over  t h e  b a l l o o n s '  l o c a t i o n .  Vote t h a t  any d i s n e r s a l  
of  b a l l o o n s  i n  t h e  i n - o r b i t  p l a n e  eases t h e  c o n s t r a i n t  on minimum 
i n - o r b i t  heamwidth, and t h ~ s  t h e  ahcve b!allocn cszfiguratioc 
( c o r r e s p o n d i n g  to i n i t i a l  deployment) i s  a wors t  c a s e  c o n d i t i o n  
f o r  t h e  o r b i t e r .  

I n  a d d i t i o n ,  two o t h e r  w o r s t  c a s e  c o n d i t i o n s  are 
imposed as f o l l o w s :  

(a )  A sweep of t h e  o r b i t e r  t r a n s m i t t e r  VCO o c c u r s  j u s t  
p r i o r  to i l l u m i n a t i o n  of the  s i x  b a l l o o n s  b y  t h e  f a n  . 
beam; t he  f a n  beam i s  moving a t  the  speed  o f  t h e  o r b i t e r  
(1.95O p e r  m i n u t e ) .  (Thus a sequence of  twelve 
u n s u c c e s s f u l  i n t e r r o g a t i o n s  o c c u r s  b e f o r e  t h e  n e x t  
t r a n s m i t  VCO sweep a c q u i r e s  t h e  b a l l o o n  r e c e i v e r  phase  
l o c k  l o o p s  (see Paragraph 1 1 1 - B ) . )  
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( b )  The s i x  b a l l o o n s ,  tha t  are i l l u m i n a t e d  by t he  f a n  beam 
d u r i n g  the  n e x t  t r a n s m i t  VCO sweep, respond t o  the l a s t  
s i x  addresses s e n t  b y  t he  o r b i t e r .  (Thus an  a d d i t i o n a l  
s i x  u n s u c c e s s f u l  a d d r e s s e s  are s e n t  by t h e  o r b i t e r  
b e f o r e  t he  f i r s t  b a l l o o n  r e sponds .  ) 

The w o r s t  c a s e  r e q u i r e d  t i m e  i s  d e f i n e d  as the t i m e  
between t h e  s t a r t  o f  ( a )  and t h e  c o n c l u s i o n  o f  ( b ) .  Note from 
Paragraph  111-B and F i g u r e  4 t h a t  a c q u i s i t i o n  and p r o c e s s i n g  
t i m e  for e a c h  b a l l o o n  i s  c o n s t a n t  r e g a r d l e s s  of i t s  o r d e r  i n  t h e  
address sequence .  Thus ( b )  i s  t r u l y  a wors t  c a s e  c o n d i t i o n .  

T a b l e s  I and I1 are compiled by de te rmin ing  t h e  t i m e  
r e q u i r e d  t o  accompl ish  ( a )  and ( b )  r e s p e c t i v e l y  ( r e f e r  t o  F i g u r e  4 ) ;  
t he  r z s u l t s  t h e n  are  added t o g e t h e r  t o  de t e rmine  t h e  t o t a l  w o r s t  
c a s e  t i m e  t o  a c q u i r e  and p r o c e s s  t h e  s i x  b a l l o o n s .  T h e r e f o r e ,  
To e q u a l s  198,000 msec (198  s e e . ) .  

B. Requi red  O r b i t e r  Fan Beamwidth i n  t h e  In -Orb i t  P l ane  

The f a n  beam must i l l u m i n a t e  a p o i n t  t a rge t  area f o r  
a t  l ea s t  198 seconds .  A minimum i n - o r b i t  beamwidth ( 3  db )  f o r  
mee t ing  t h e  r equ i r emen t  i s  d e r i v e d  below. 

The o r b i t e r  ground speed i s :  

R4 = 206 km/minute 

where : 

R = r a d i u s  of Venus = 6050 km 

+ = o r b i t e r  a n g u l a r  r a t e  = 1.95  degrees /minute  
( 0 . 0 3 4  r a d j m i n . )  

Now, t he  r e q u i r e d  3 db beamwidth ( 1 3 )  i n  t h e  i n - o r b i t  p l a n e  i s  
de t e rmined  as f o l l o w s  : 

r e  = ~6 T~ 

where : 
r = o r b i t e r  a l t i t u d e  = 4000 km 

= 3 .3  minu tes  (198 s e c . )  
TO 

T h e r e f o r e ,  e = 1 0  degrees. 
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C .  Link C a l c u l a t i o n s  
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Link c a l c u l a t i o n s  p e r t i n e n t  t o  t h e  o r b i t e r / b a l l o o n  l i n k s  
i n  b o t h  t h e  s e a r c h  mode and communications and t r a c k i n g  mode a re  
p r e s e n t e d  i n  Appendices I t o  I V .  From t h e s e  c a l c u l a t i o n s ,  a l l  
i m p o r t a n t  equipment pa rame te r s  n e c e s s a r y  t o  a c q u i r e  and e s t a b l i s h  
t h e  two-way o r b i t e r / b a l l o o n  l i n k s  a re  d e r i v e d .  A summary of  a l l  
pa rame te r s  i s  p r e s e n t e d  i n  S e c t i o n  V I I .  

V I .  WEIGHT, SIZE AND POWER 

A n t i c i p a t e d  v a l u e s  of w e i g h t ,  s i z e ,  and prime power for 
t h e  o r b i t e r  and b a l l o o n  e l e c t r o n i c  subsystems ( u s i n g  t echno logy  
p r o j e c t i o n s  f o r  t h e  mid 1 9 7 0 s )  a re  p r e s e n t e d  i n  T a b l e  111. 

V I I .  SUMMARY AND C O N C L U S I O N S  

A s i m p l e  and e f f i c i e n t  o r b i t e r / b a l l o o n  communications 
and t r a c k i n g  s y s t e m  has been developed c o n c e p t u a l l y  h e r e .  Sc ien-  
t i f i c  da ta  from t w e l v e  b a l l o o n s  immersed i n  t h e  Venusian a tmosphere ,  
and b a l l o o n  p o s i t i o n  data  d e r i v e d  aboard  t h e  o r b i t e r ,  are  r e l a y e d  t o  
E a r t h  once  d u r i n g  each  r e v o l u t i o n  o f  t h e  o r b i t e r .  T h i s  memorandum 
has dea l t  e x c l u s i v e l y  w i t h  t h e  o r b i t e r / b a l l o o n  l i n k s .  C r i t i c a l  
p a r a m e t e r s  a s s o c i a t e d  w i t h  these l i n k s ,  as d e r i v e d  i n  t h e  t e x t  
and  i n  t h e  Appendices,  a re  summarized i n  T a b l e  I V .  

A b r i e f  d e s c r i p t i o n  of t h e  o r b i t e r  t o  E a r t h  l i n k  i s  g iven  
i n  Reference  3.  A da ta  r a t e  of 5 b p s  i s  o b t a i n a b l e  when u s i n g  an  
o m n i - d i r e c t i o n a l  an tenna  and a t r a n s m i t t e r  r e q u i r i n g  70 watts of  
p r ime  power on t h e  o r b i t e r .  By p r o c e s s i n g  b o t h  o r b i t e r  ephemeris 
da t a ,  and te lemetered b a l l o o n  p o s i t i o n  data  ( r a n g e  , r a n g e  r a t e ,  
and a n g l e  of  each  b a l l o o n  w i t h  r e s p e c t  t o  t h e  o r b i t e r ) ,  E a r t h - b a s e d  
computers  can  c a l c u l a t e  t h e  p o s i t i o n  o f  each  b a l l o o n  w i t h  r e s p e c t  
t o  t h e  Venusian s u r f a c e .  T h a t  i s ,  each  b a l l o o n  p o s i t i o n  can  b e  
t r a n s f o r m e d  i n t o  a Venus-or iented c o o r d i n a t e  s y s t e m .  Thus,  b y  
d e t e r m i n i n g  t h e  p o s i t i o n  of  each b a l l o o n  as  a f u n c t i o n  o f  t i m e ,  
e m p i r i c a l  da ta  on Venusian wind p a t t e r n s  and v e l o c i t i e s  can  be  
oS t a i n e d .  

T h i s  s t u d y  shows t h a t  communicating w i t h  and t r a c k i n g  
twelve m e t e o r o l o g i c a l  b a l l o o n s  by a n  o r b i t e r ,  u s i n g  two f r e q u e n c i e s  
on a t ime-sha r ing  basis , i s  f e a s i b l e .  Reasonable  t r a n s m i t t e d  
powers ,  a n t e n n a  s i z e s ,  and o t h e r  parameters (as  o u t l i n e d  i n  
T a b l e  I V )  c o n s t i t u t e  t h i s  system. 

2034-KHS-rkw 

Attachments  

K .  H .  Schmid 
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TABLE I 

TIME REQUIRED FOR UNSUCCESSFUL INTERROGATION OF TWELVE BALLOONS 

( C o n d i t i o n  a )  

1. 

2 a. 

b .  

C.  

d.  

e.  

f .  

g *  

h. 

3. 

Overflow P u l s e  and  One Sweep o f  
T r a n s m i t t e r  VCO ( 1 2 0  kHz a t  
20 kHz/sec. * >  
Address  Ba l loon  ( d e l a y ,  p l u s  1 0  
b i t s  a t  600 b p s ) ;  I n i t i a t e  
RCVR VCO Sweep 

A n t i c i p a t e d  Two-way Propaga t ion  
T i m e  

A n t i c i p a t e d  Address Decode T i m e  

A n t i c i p a t e d  Ba l loon  XMTR 
Turn  On Time 

A n t i c i p a t e d  O r b i t e r  RCVR Lock-up 
Time Plus S a f e t y  Margin 

S t e p  Address and Overflow Coun te r s  
and Re tu rn  t o  2a 

T o t a l  T i m e  ( T )  A l l o t t e d  p e r  
Ba l loon  f o r  Response 

T o t a l  T i m e  A l l o t t e d  f o r  Twelve 
B a l l o o n s  t o  Respond 

T ime  Requi red  f o r  Unsuccess fu l  
I n t e r r o g a t i o n  of' Twelve Bal loons  

6 , 0 0 0  msec 

50 msec 

30 msec 

50 msec 

800 msec 

1 , 0 0 0  msec 

70 msec 

2 , 0 0 0  msec 

2 4 , 0 0 0  msec 

30,000 msec 

*See Pa rag raph  V-C. 
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TABLE I1 

TIME REQUIRED FOR UNSUCCESSFUL INTERROGATION OF SIX BALLOONS 
FOLLOWED BY SUCCESSFUL INTERROGATION OF SIX BALLOONS 

(Cond i t ion  b )  

1. Overflow P u l s e  and One Sweep of 
T r a n s m i t t e r  VCO ( 1 2 0  kHz a t  
20 kHz/sec.)  

2 .  Address S i x  Ba l loons  Unsuccess fu l ly  
(2000 msec/bal loon,  see 2g o f  
Table  I )  

3a. Address Next Ba l loon  S u c c e s s f u l l y  
(2000 msec max., see 2g o f  Tab le  I )  2,000 msec 

b.  Swi tch  t o  Con ica l  Beam 500 msec 

c .  Command Bal loon  t o  Switch t o  Low 
Power and Begin Data Transmiss ion;  
I n i t i a t e  Ranging a t  O r b i t e r ;  Receive 
Ranging; Rece ive  Data ( 8 0 0  b i t s  a t  
60 b p s )  15,000 msec 

d.  Command Bal loon  XMTR t o  Turn O f f  1 , 0 0 0  msec 

e .  Switch t o  Fan Beam; S t e p  Address 
Counter ;  Reset Overflow Counter  
t o  1 500 msec 

f .  One Sweep of  T ransmi t t e r  VCO and 
Return  t o  3a 6 , 0 0 0  msec 

One Bal loon  S u c c e s s f u l l y  25,000 msec 
g.  T o t a l  T ime  Requi red  t o  P rocess  

h .  T o t a l  T ime  Requi red  t o  P rocess  
S i x  Ba l loons  S u c c e s s f u l l y  

T o t a l  T ime  Required f o r  Unsuccess- 
f u l  I n t e r r o g a t i o n  o f  S i x  Ba l loons  
Followed by S u c c e s s f u l  
I n t e r r o g a t i o n  of  S i x  Bal loons  

4. 

6 , 0 0 0  msec 

12,000 msec 

150,000 msec 

1 6 8 , 0 0 0  msec 
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APPENDIX I 

ANALYSIS OF THE ORBITER TO BALLOON L I N K  I N  THE SEARCH MODE 

A .  Gene ra l  

Impor t an t  p a r a m e t e r s  a s s i g n e d  t o  t h i s  l i n k  are l i s t e d  
i n  Tab le  1-1. 

Using these pa rame te r s ,  the  r e q u i r e d  o r b i t e r  t r a n s m i t t e r  
sweep r a n g e ,  b a l l o o n  c a r r i e r  t r a c k i n g  loop  bandwidth,  and o r b i t e r  
t r a n s m i t t e r  power are  c a l c u l a t e d  below. 

B. Requi red  O r b i t e r  T r a n s m i t t e r  Sweep Range 

S i n c e  t h e  b a l l o o n  c a r r i e r  t r a c k i n g  loop  VCO f r equency  i s  
t h e  dominant f r equency  u n c e r t a i n t y  (+2.5 x on t h e  l i n k ,  a 
l a r g e  sweep o f  t h e  o r b i t e r  t r a n s m i t t e r  VCO i s  r e q u i r e d  t o  lock-up 
t h i s  l oop .  The r e q u i r e d  sweep i s  g i v e n  b y :  

A f l  - - fLO 5 x = 102,500 Hz 

where : 

fLO = L.O. f requency  of t h e  b a l l o o n  r e c e i v e r  

= 2050 MHZ 

An a d d i t i o n a l  sweep r ange ,  A f 2  = 17,500 Hz,  i s  p rov ided  t o  a l l o w  
f o r  d o p p l e r  and a s a f e t y  f a c t o r .  
s i n c e  the f a n  beam i s  p o i n t e d  only f i v e  d e g r e e s  forward of l o c a l  
v e r t i c a l  and t h u s  t h e  rad ia l  v e l o c i t y  of each  b a l l o o n  w i t h  r e s p e c t  
t o  t h e  o r b i t e r  i s  very  small. 

Doppler  e f f e c t s  a re  minimal ,  

The t o t a l  r e q u i r e d  sweep, c e n t e r e d  on t h e  nominal 
f r equency  o f  2100 MHz, i s  t h e  sum of A f l  and Af2. 
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A f  = 1 2 0  kHz 

C .  Requi red  Ba l loon  R e c e i v e r  Carr ier  Track ing  Loop Bandwidth 

The b a l l o o n  c a r r i e r  t r a c k i n g  loop  bandwidth must be  wide 
enough t o  a c q u i r e  a r e c e i v e d  c a r r i e r  swept a t  2 0  kHz/second. N ine ty  
p e r c e n t  p r o b a b i l i t y  of  a c q u i s i t i o n  i s  a f f o r d e d  i f  t h e  l i m i t e r / l o o p  
p a r a m e t e r s  s a t i s f y  t h e  f o l l o w i n g  e q u a t i o n :  7 

where : 
A; = c a r r i e r  sweep r a t e  ( r a d / s e c ) / s e c  =  IT ( 2 0 . 1 0  3 ) 

CNRL = c a r r i e r - t o - n o i s e  r a t i o  i n  2BL = 1 0  db 

a = l i m i t e r  s u p p r e s s i o n  f a c t o r  ( a t  CNRL = 1 0  d b )  

a = l i m i t e r  s u p p r e s s i o n  f a c t o r  ( a t  CNRL = 0 d b )  
0 

w = l oop  n a t u r a l  f r equency  ( a t  CNR = 0 db)  no L 

Loop t h r e s h o l d  i s  d e f i n e d  as CNRL = 0 db i n  2BLo, where 2BLo i s  
t h e  two-s ided  loop  n o i s e  bandwidth a t  t h r e s h o l d  ( second  o r d e r  l o o p ) .  

L e t  " / a o =  3.65. So lv ing  t h e  above e q u a t i o n  f o r  w no 
y i e l d s ,  

w = 225  r a d / s e c  no 
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Now 

L 

2BLo = 1 . 0 6  w no = 238 Hz 

I To a c h i e v e  n e a r l y  a 1 0 0 %  p r o b a b i l i t y  o f  a c q u i s i t i o n  and a l s o  p r o v i d e  
a s a f e t y  f a c t o r ,  t h e  v a l u e  o f  2BLo i s  i n c r e a s e d  to, 

= 300 Hz 2BLo 

Now, 

when CNRL = 10 db. 

D. Requi red  Carr ie r - to-Noise  Dens i ty  R a t i o  

A l i m i t e r ,  hav ing  a 1 0  kHz n o i s e  bandwidth,  p r e c e d e s  t h e  
b a l l o o n  r e c e i v e r  phase  l o c k  loop .  
i n  2BL = 830 Hz, t h e  e q u i v a l e n t  CNR a t  t h e  o u t p u t  of t h e  l i m i t e r  
i s  g i v e n  by:  

For  a r e q u i r e d  CNRL = 1 0  db 

-I nnnn = 10 db - 10 l o g  830 l U U U U  = - 0 . 8  db 
(CNRout  ' r e q  

The r e q u i r e d  CNR a t  t h e  i n p u t  t o  t h e  l i m i t e r  i s  r e l a t e d  to CNRout 
by:  7 

1 t 2 CNRin 
= CNR, CNRout ,n 4 - t CNRin 

IT 
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S o l v i n g  f o r  CNRin y i e l d s ,  

= -1.7 db ( i n  t h e  1 0  kHz n o i s e  bandwidth)  ( C N R i n ) r e q  

T h e r e f o r e ,  t h e  r e q u i r e d  c a r r i e r - t o - n o i s e  d e n s i t y  r a t i o  i s  g i v e n  b y ,  

= 38.3 db ( i n  a 1 Hz bandwid th ) .  (CNRo) req 

E.  Bal loon  Receive System Noise  Temperature  

The s y s t e m  n o i s e  t empera tu re  ( r e f e r e n c e d  t o  the r e c e i v e  
o u t p u t  of  t h e  b a l l o o n  a n t e n n a )  i s  g i v e n  b y :  

- + (FL-1) 290' T SYS - T a n t  

where : 

= b a l l o o n  an tenna  t e m p e r a t u r e  2 150' K Tan t  

F = b a l l o o n  r e c e i v e r  n o i s e  f i g u r e  = 6 db 

L = b a l l o o n  l i n e  loss = 2 db 

T h e r e f o r e ,  

T = 1 7 0 0 0 ~ .  
SYS 

F. Requi red  O r b i t e r  T r a n s m i t t e r  Power 

The r e q u i r e d  o r b i t e r  t r a n s m i t t e r  power i s  c a l c u l a t e d  
i n  T a b l e  1 - 2 .  
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TABLE 1-1 

O r b i t e r  t o  Bal loon  Link Parameters for t h e  S e a r c h  Mode 

a .  

b .  

C .  

d. 

e .  

f .  

€3. 

h. 

i. 

k .  

1. 

Frequency (nominal )  

Frequency S t a b i l i t y  and Accuracy of 
O r b i t e r  T r a n s m i t t e r  ( l o n g  term) 

O r b i t e r  T r a n s m i t t e r  Sweep Rate 

O r b i t e r  Line Loss 

O r b i t e r  Transmi t  Antenna Gain ( a t  6 db 
c o r n e r  p o i n t s  of f a n  beam) 

P a t h  Length (maximum) 

Ba l loon  Receive Antenna Gain ( a t  3 db 
p o i n t s )  

Ba l loon  Line L o s s  

Ba l loon  Rece ive r  Noise F i g u r e  

Minimum CNRL i n  2 BL* 

Frequency S t a b i l i t y  and Accuracy of  
Ba l loon  Carrier Tracking  Loop VCO 

Ba l loon  Rece ive r  L i m i t e r  Bandwidth 

2100 MHz 

20 kHz/sec. 

2 db 

1 0 . 6  db 

4600 k m  

1 db 

2 db 

6 db 

1 0  db 

- t 2 . 5 .  

1 0  kHz 

*CNRL i s  t h e  c a r r i e r - t o - n o i s e  r a t i o  i n  2BL, the  r e c e i v e r  
two-sided loop  n o i s e  bandwidth a t  l e v e l s  above t h r e s h o l d .  
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TABLE 1-2 

C a l c u l a t i o n  o f  Requi red  Orb i t e r  T r a n s m i t t e r  Power i n  t h e  Sea rch  Mode 

Requi red  Car r i e r - to -Nbi se  Dens i ty  R a t i o  ( C N R o ) r e q  

a t  Receive Output of Bal loon  Antenna 

Noise Dens i ty  a t  Receive Output of  Ba l loon  
Antenna (Tef f  = 1 7 O O O K )  

Requi red  Carrier Power a t  Receive Output o f  
B a l l o o n  Antenna 

Ba l loon  Antenna Gain 

Space Loss (4600 km) 

O r b i t e r  Antenna Gain ( f a n  b e a m )  

O r b i t e r  Line Loss 

38.3 db 

-166.3 dbm/Hz 

-128.0 dbm 

1 . 0  db 

1 7 2 . 2  db 

1 0 . 6  db 

2 . 0  db 

Requi red  O r b i t e r  T r a n s m i t t e r  Power 34.6 dbm 

;3 watts . 
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APPENDIX I1 

ANALYSIS OF THE BALLOON TO ORBITER L I N K  I N  THE SEARCH MODE 

A. Gene ra l  

Impor t an t  pa rame te r s  a s s o c i a t e d  w i t h  t h i s  l i n k  are 
p r e s e n t e d  i n  Table  11-1. 
o r b i t e r  r e c e i v e r  sweep r a n g e ,  loop bandwidth,  and b a l l o o n  
t r a n s m i t t e r  power are  c a l c u l a t e d .  I n  i t e m  (j), n o t e  t h a t  t h e  
f r equency  s t a b i l i t y  and accuracy  of  t h e  o r b i t e r  c a r r i e r  t r a c k i n g  
loop  VCO i s  a n  o r d e r  of magnitude b e t t e r  t h a n  t h e  b a l l o o n  c a r r i e r  
t r a c k i n f f  loop  VCO. 

Using these  p a r a m e t e r s ,  t h e  r e q u i r e d  

B. Requi red  O r b i t e r  Rece ive r  Sweep Range 

S i n c e  t h e  b a l l o o n  has a cohe ren t  t r a n s p o n d e r  and the  
o r b i t e r ' s  t r a n s m i t  f r equency  i s  l o c k e d  t o  a h i g h  s t a b i l i t y  
f r e q u e n c y  r e f e r e n c e ,  t h e  orbiter r e c e i v e  f r equency  i s  known t o  a 
h i g h  d e g r e e  o f  accu racy .  By s end ing  a sample o f  t h e  o r b i t e r  
t r a n s m i t  f requency  t o  t h e  o r b i t e r  r e c e i v e r  s y s t e m ,  a lmost  all 
u n c e r t a i n t y  i n  t h i s  f r equency  i s  removed. Thus, t h e  r e q u i r e d  
sweep r ange  must a l low on ly  f o r  o r b i t e r  r e c e i v e r  VCO d r i f t  and 
minor  d o p p l e r  v a r i a t i o n s .  

The o r b i t e r  r e c e i v e r  VCO has a f r equency  s t a b i l i t y  and 
a c c u r a c y  of +2.5 Thus, - 

A fl  - - fLO ( 5  10-5 

where : 

fLO = L.O. f r equency  of t h e  o r b i t e r  r e c e i v e r  = 2250 MHz 

T h e r e f o r e ,  

A f l  = 1 1 , 2 5 0  Hz 
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An a d d i t i o n a l  sweep r a n g e ,  A f 2 ,  e q u a l  t o  3750 H z  i s  
p r o v i d e d  t o  a l l o w  f o r  a l l  o t h e r  u n c e r t a i n t i e s .  T h e r e f o r e ,  t h e  
t o t a l  sweep range  i s ,  

A f = A f l  + A f 2  = 15 kHz 

S i n c e  t h e  o r b i t e r  r e c e i v e r  VCO sweep r a t e  i s  20 kHz/sec, t h e  
maximum lock-up t i m e  i s  3/4 second.  

C.  Requi red  O r b i t e r  Rece ive r  Carrier Track ing  Loop 
Bandwidth and Carrier to Noise Dens i ty  R a t i o  

S i n c e  t h e  o r b i t e r  r e c e i v e r  sweep r a t e ,  the minimum CNRL 

i n  2BL, and t h e  l i m i t e r  bandwidth are i d e n t i c a l  t o  t h e  v a l u e s  used  
i n  Appendix I ,  t h e  same r e s u l t s  a re  o b t a i n e d .  Thus,  

2BL = 830 Hz ( w i t h  CNRL = 1 0  d b )  

and 

= 38.3 db ( r e f e r e n c e d  to 1 Hz).  (CNRo) r e q  

D. O r b i t e r  System Noise Temperature  

The o r b i t e r  e f f e c t i v e  sys tem EGIS? t e m p e r a t u r e  ( r e fe renced  
t o  t h e  r e c e i v e  ou tpu t  of  t h e  o r b i t e r  a n t e n n a )  i s  g i v e n  b y :  

- t (FL - 1) 290' Tef f  - T a n t  

where these pa rame te r s  have been d e f i n e d  e a r l i e r .  Using a n  a n t e n n a  
t e m p e r a t u r e  of 8 0 0 ' ~  y i e l d s ,  



. 
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E. Requi red  Ba l loon  T r a n s m i t t e r  Power i n  t h e  S e a r c h  Mode 

The r e q u i r e d  b a l l o o n  t r a n s m i t t e r  power i n  t h e  s e a r c h  
mode i s  c a l c u l a t e d  i n  Table  1 1 - 2 .  Note t h a t  t h i s  power i s  
r e q u i r e d  for on ly  2 . 5  seconds ( a p p r o x i m a t e l y )  u n t i l  t h e  o r b i t e r  
a c q u i r e s  t h e  b a l l o o n  c a r r i e r ,  s w i t c h e s  t o  t h e  communication and 
t r a c k i n g  mode, and commands t h e  b a l l o o n  t o  s w i t c h  t o  low power.  
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TABLE 11-1 

Bal loon  to O r b i t e r  Link P a r a m e t e r s  f o r  the Sea rch  Mode 

a. Frequency (nominal )  2300  MHz 

b .  Frequency S t a b i l i t y  and Accuracy of 
Transponded Carrier ( long  term) 

C .  Ba l loon  L ine  Loss 2 db 

d .  Ba l loon  Transmi t  Antenna Gain 
( a t  3 db p o i n t )  1 db 

e .  P a t h  Length (maximum) 4600 km 

f .  O r b i t e r  Receive Antenna Gain 
( a t  6 db c o r n e r  p o i n t s  o f  fan beam) 1 0 . 6  db 

g *  O r b i t e r  Line Loss  2 db 

h. O r b i t e r  Rece ive r  Noise F igu re  6 db 

i. Minimum CNRL i n  2BL 

3 .  Frequency S t a b i l i t y  and Accuracy of 
O r b i t e r  Carrier Tracking  Loop VCO 

k .  O r b i t e r  Rece ive r  Sweep Rate 

1. O r b i t e r  Rece ive r  L i m i t e r  Bandwith 

1 0  db 

+ 2 . 5  - 
20 kHz/sec 

1 0  kHz 
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TABLE 11-2 
c 

C a l c u l a t i o n  of  Requi red  Bal loon  T r a n s m i t t e r  Power i n  the S e a r c h  Mode 
w 

Requ i red  Car r i e r - to -Noi se  Dens i ty  R a t i o  
( C N R o )  req a t  Rece ive  Output o f  O r b i t e r  Antenna 38 .3  db 

Noise  D e n s i t y  a t  Receive Output o f  O r b i t e r  
Antenna ( T e f f  = 2350OK) 

Requ i red  Carrier Power at  Receive Output  of 
O r b i t e r  Antenna 

O r b i t e r  Antenna Gain ( f a n  beam) 

Space Loss  ( 4 6 0 0  km) 

B a l l o o n  Antenna G a i n  

B a l l o o n  Line  Loss  

Requ i red  Ba l loon  T r a n s m i t t e r  Power 

-164 .9  dbm/Hz 

-126.6 dbm 

1 0 . 6  db 

173 .0  db 

1 . 0  db 

2 . 0  db 

36.8 dbm 
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APPENDIX I11 

ANALYSIS OF THE BALLOON TO ORBITER L I N K  I N  
THE COMMUNICATIONS AND T R A C K I N G  MODE 

A .  Genera l  

After o r b i t e r  a c q u i s i t i o n  of  t h e  r e c e i v e  c a r r i e r ,  t h e  
o r b i t e r  e n t e r s  t he  communications and t r a c k i n g  mode. The c o n i c a l  
beam i s  s e l e c t e d ;  i t  t r a c k s  t h e  c a r r i e r  and t r a n s m i t s  s i g n a l s  t o  
and r e c e i v e s  s i g n a l s  from the  b a l l o o n .  Impor t an t  p a r a m e t e r s  
a s s o c i a t e d  w i t h  t h i s  l i n k  a r e  p r e s e n t e d  i n  T a b l e  111-1. 

F i r s t  the  r e q u i r e d  s i g n a l - t o - n o i s e  d e n s i t y  r a t i o s  f o r  
t h e  r a n g i n g  s i g n a l  and the  data s u b c a r r i e r  are de termined .  Then 
t h e  r e q u i r e d  c a r r i e r - t o - n o i s e  r a t i o  i s  d e r i v e d .  S ince  t h e  s y s t e m  
e f f e c t i v e  n o i s e  t e m p e r a t u r e  i s  known, t h e  r e q u i r e d  c a r r i e r  power 
i s  de te rmined  from the  v a l u e  o f  t h e  r e q u i r e d  c a r r i e r - t o - n o i s e  
r a t i o .  Modulat ion i n d i c e s  f o r  t h e  r a n g i n g  s i g n a l  and t h e  d a t a  
s u b c a r r i e r  are chosen such  t h a t  1 . 0  db c a r r i e r  s u p p r e s s i o n  o c c u r s  
and t h e  r a n g i n g  and d a t a  s u b c a r r i e r  t h r e s h o l d  s i m u l t a n e o u s l y .  The 
t o t a l  r e q u i r e d  power i s  c a l c u l a t e d  from t h e  above d e r i v e d  v a l u e s ;  
t h e n  t h e  r e q u i r e d  b a l l o o n  t r a n s m i t  power i s  d e r i v e d  f o r  t h i s  mode. 

B. Requi red  Signal- to-Noise Dens i ty  R a t i o  f o r  Ranging 

For an  unambiguous range of  4600 k m ,  t h e  PN r a n g i n g  code 
must have a minimum p e r i o d  of 30.7 msec. A code sequence composed 
of a c l o c k ,  an X component o f  b i t  l e n g t h  1 5 ,  and a Y component o f  
b i t  l e n g t h  31  i s  proposed .  The l e n g t h  o f  t he  combined code i s  
930 b i t s .  The b i t  r a t e  i s  then  de te rmined  from t h e  minimum code 
p.eriod r e q u i r e d ;  i . e . ,  3 0 . 7  msec. The r e s u l t a n t  b i t  r a t e  i s  
30 kbps or l e s s .  A 1 0  kbps r a t e  i s  used  here .  The r ang ing  
sys t em proposed  i s  - n o t  similar t o  t h a t  used  i n  t h e  DSN o r  MSFN. 
The scheme i s  t o  g e n e r a t e  t h e  PN code i n  a s e t  of sequence (component) 
g e n e r a t o r s  and combine them t o  form t h e  composi te  sequence.  The 
combining l o g i c  i s  CL @ XY and i s  accomplished i n  a composi te  PN 
code g e n e r a t o r .  

A s imi la r  g e n e r a t o r  i s  p r o v i d e d  i n  t h e  o r b i t e r  r ange  
r e c e i v e r .  The r e c e i v e r  i s  c locked  by a s i g n a l  d e r i v e d  from the  
r e c e i v e d  ( t r a n s p o n d e d )  r ange  code. Word d e t e c t o r s  are used  t o  
d e t e c t  a g i v e n  s t a t e  i n  t h e  t r a n s m i t  and r e c e i v e  g e n e r a t o r s .  T h e  
detected s t a t e  i n  t h e  t r a n s m i t  g e n e r a t o r  p r o v i d e s  a c o u n t e r  s t a r t  
p u l s e ,  and the  same d e t e c t e d  s t a t e  i n  t h e  r e c e i v e r  g e n e r a t o r  
p r o v i d e s  a c o u n t e r  s t o p  p u l s e .  During t h e  t i m e  i n t e r v a l  between 
same s t a t e  d e t e c t i o n s ,  t h e  c o u n t e r  coun t s  a f requency  which w i l l  
p r o v i d e  t h e  r e q u i r e d  r e s o l u t i o n .  T h i s  f requency  i s  g e n e r a t e d  b y  an  
on-board o s c i l l a t o r .  
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L 

. 

The a c q u i s i t i o n  t i m e  i s  computed by n o t i n g  t h a t  t he  
a c q u i s i t i o n  p r o c e s s  s e a r c h e s  th rough  e a c h  sequence ,  one b i t  a t  a 
t i m e ,  and t h a t  t h e  l o n g e s t  sequence w i l l  e s t ab l i sh  t h e  t o t a l  t i m e  
r e q u i r e d  ( i . e .  t h e  sequences  a r e  s e a r c h e d  i n  p a r a l l e l ) .  The 
a c q u i s i t i o n  t i m e ,  T can b e  shown a s , 8  acq '  

= t he  l e n g t h  i n  b i t s  o f  the Y sequence = 31 b i t s  '31 where : 

log2'31 = 4.95 

= s i g n a l  energy p e r  b i t  t o  n o i s e  s p e c t r a l  d e n s i t y  
r a t i o  f o r  a g i v e n  e r r o r  r a t e  

re  9 

C = c o e f f i c i e n t  of c o r r e l a t i o n ;  f o r  t h i s  p a r t i c u l a r  code,  
c=4 

No = a c t u a l  n o i s e  s p e c t r a l  d e n s i t y  t o  r a n g i n g  s i g n a l  r a t i o  - 
c a l c u l a t e d  for t h e  o r b i t e r / p r o b e / o r b i t e r  l i n k s  sR 

Fo r  a "good r ange  data" p r o b a b i l i t y  o f  0.999, 

S u b s t i t u t i n g  these  c o n s t a n t s  i n t o  t h e  e q u a t i o n  y i e l d s ,  

No T = 2000 - 
acq sR 

F o r  an  a c q u i s i t i o n  t i m e  o f  2 s econds ,  

= 1 0 0 0  = 30.0 db 

r e q  
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C.  Requi red  S igna l - to-Noise  Dens i ty  R a t i o  for the  Data 
Sub c a r r i e r  

To a c h i e v e  a b i t  e r r o r  r a t e  of  l o m 3 ,  the  r e q u i r e d  

s u b c a r r i e r  s i g n a l - t o - n o i s e  r a t i o  [ 21 is 7 db i n  a bandwidth 

e q u a l  t o  t h e  b i t  rate.’ Thus, 

= 7 db + 1 0  l o g  60 = 2 4 . 8  db t req 

where i s  t h e  r e q u i r e d  1 0  kHz s u b c a r r i e r  s i g n a l - t o -  

n o i s e  d e n s i t y  r a t i o  a t  t h e  o r b i t e r  an tenna  r e c e i v e  o u t p u t .  

D. Required O r b i t e r  Rece ive r  Ca r r i e r  Track ing  Loop 
Bandwidth and Car r i e r - to -Noi se  Dens i ty  R a t i o  

S i n c e  t h e  same c a r r i e r  t r a c k i n g  l o o p  i s  used  i n  b o t h  
t h e  s e a r c h  mode and t h e  communications and t r a c k i n g  mode, 
r e s u l t s  are o b t a i n e d .  Thus,  

i d e n t i c a l  

2BL = 830 Hz ( w i t h  CNRL = 1 0  d b )  

and 

= 38.3 db ( r e f e r e n c e d  t o  1 Hz) 
r e  q ( CNRo)  

E .  Requi red  Receive Carrier Power and T o t a l  Power a t  
t he  Output o f  t h e  O r b i t e r  Antenna 

The r e q u i r e d  c a r r i e r  power a t  t he  r e c e i v e  o u t p u t  of 
t h e  o r b i t e r  an tenna  i s ,  
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where : 

= 38.3  db;  ( C N R o ) r e q  

T h e r e f o r e ,  

C = -126.6 dbm 
req 

Allowing 1 . 0  db f o r  c a r r i e r  s u p p r e s s i o n  due t o  modu la t ion  
and 3 . 1  db f o r  c a r r i e r  c i r c u i t  margin,  t h e  r e q u i r e d  t o t a l  r e c e i v e  
power (P to t )  a t  t h e  r e c e i v e  ou tpu t  of  the  o r b i t e r  a n t e n n a  i s :  

= -122.5 dbm. P t o t  

F. Modulat ion I n d i c e s  

Using these r e s u l t s ,  the  f o l l o w i n g  e q u a t i o n s  can be 
w r i t t e n ,  

1 r- 

s i n 2  (0) J 
0 (o)] + CM + X = 33.0 db = 1 0  l o g  I p o t  

- 1 0  l o g  KT eff  

\:) req 

r 

I 
2 + CM + X = 27.8 db = 1 0  l o g  1 2  Ptot cos  ( e >  J~~ (PI) 

- 1 0  l o g  KTeff 
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= - 1 2 2 . 5  dbm Pt ot 

e = phase modula t ion  i n d e x  o f  the  r a n g i n g  s i g n a l  
o n t o  t h e  c a r r i e r .  

$3 = phase  modulat ion index  o f  t h e  data s u b c a r r i e r  
o n t o  t h e  c a r r i e r .  

CM = r ang ing  and d a t a  s u b c a r r i e r  c i r c u i t  margin = 1 . 5  db 

X = a l l o w a b l e  d e g r a d a t i o n  i n  r e c e i v e  due t o  

t r a n s m i t t e d  n o i s e  = 1 . 5  db 

The above s imul t aneous  e q u a t i o n s  are  s o l v e d  of  8 and $3 such  t h a t  
b o t h  s i g n a l s  t h r e s h o l d  s i m u l t a n e o u s l y .  Thus, 

1 0  log s i n  ( e )  Jo2 ($3 )  1 = 33.0 + 1 2 2 . 5  - 164.9 = -9.4 db 
[ 2  

1 0  log [ 2 cos2 ( e )  J12 ( f d ) ] =  2 7 . 8  t 1 2 2 . 5  - 164.9 = -14.6 db 

S o l v i n g  f o r  8 and $3 y i e l d s ,  

8 = 0.35 r a d i a n s  

PI = 0.30  r a d i a n s  

G.  Requi red  Bal loon  T r a n s m i t t e r  Power i n  t h e  Communication 
and Tracking  Mode 

The r e q u i r e d  b a l l o o n  t r a n s m i t t e r  power is c a l c u l a t e d  
i n  Table  111-2 .  
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a. 

b .  

C .  

d .  

e .  

f .  

g -  

h.  

i. 

TABLE 111-1 

Bal loon  t o  O r b i t e r  Link Parameters f o r  t h e  
Communications and Track ing  Mode 

Frequency (nomina l )  

Ba l loon  Line Loss  

Ba l loon  Transmi t  Antenna Gain ( a t  3 db p o i n t s )  

P a t h  Length (maximum) 

O r b i t e r  Antenna Temperature 

O r b i t e r  Receive Antenna Gain ( c o n i c a l  beam) 

O r b i t e r  Line Loss 

O r b i t e r  Rece ive r  Noise F i g u r e  

Minimum CNRL i n  2BL 

2300 MHz 

2 db 

1 db 

4600 k m  

2350'K 

2 4  db 

2 db 

6 db 

1 0  db 
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TABLE 111-2  

C a l c u l a t i o n  of Required Ba l loon  Transmi t te r  Power i n  
t h e  Communication and Track ing  Mode 

Requi red  T o t a l  Power ( P t o t )  a t  Receive Output o f  
Orb i t e r  Antenna 

O r b i t e r  Antenna Gain ( c o n i c a l  beam) 

Space Loss ( 4 6 0 0  km) 

Ba l loon  Transmi t  Antenna Gain 

Ba l loon  L ine  Loss 

- 1 2 2 . 5  dbm 

24.0 db 

173 .0  db 

1 . 0  db 

2.0 db 

Requi red  Bal loon  T r a n s m i t t e r  Power 27 .5  dbm 

; 0.6 watt  
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APPENDIX I V  

A N A L Y S I S  OF THE ORBITER TO BALLOON L I N K  I N  THE 
COMMUNICATION AND T R A C K I N G  MODE 

A. Genera l  

Un l ike  t h e  b a l l o o n  t r a n s m i t  power which i s  r educed  i n  
t h e  communications and t r a c k i n g  mode, t h e  o r b i t e r  t r a n s m i t  power 
remains  unchanged a t  3 watts.  O the r  impor t an t  pa rame te r s  
a s s o c i a t e d  w i t h  t h i s  l i n k  are p r e s e n t e d  i n  Table  I V - 1 .  

F i r s t ,  t h e  r e q u i r e d  s i g n a l - t o - n o i s e  d e n s i t y  r a t i o  for 
t h e  r a n g i n g  s i g n a l ,  and t h e  c a r r i e r - t o - n o i s e  d e n s i t y  r a t i o  f o r  the  
c a r r i e r  are d e r i v e d .  Then the  r e s u l t a n t  c i r c u i t  margins  for these 
s i g n a l s  are c a l c u l a t e d .  

B. Requi red  Signal- to-Noise D e n s i t y  R a t i o  for the Ranging S i g n a l  

The r e q u i r e d  r e c e i v e  r a n g i n g  s i g n a l - t o - n o i s e  d e n s i t y  r a t i o  
p l u s  c i r c u i t  margin i s  31.5 db on t h e  b a l l o o n  to o r b i t e r  l i n k  (see 
Appendix 111). To a c h i e v e  t h i s  v a l u e  t h e  b a l l o o n  t r a n s m i t  s i g n a l -  
t o - n o i s e  d e n s i t y  r a t i o  must be 37.0 db.  Assuming a d e g r a d a t i o n  o f  
1 . 0  db th rough  the  t r a n s p o n d e r ,  t h e  r e c e i v e  r a n g i n g  s i g n a l - t o - n o i s e  
d e n s i t y  r a t i o  for the  o r b i t e r  t o  b a l l o o n  l i n k  i s  38.0 db. Thus,  

C. Requi re6  Carrier-tc-Noise Densl ty  R a t i o  

S i n c e  t h e  r e c e i v e r  p a r a m e t e r s  are t h e  same i n  e i t h e r  
mode, t h e  r e q u i r e d  c a r r i e r - t o - n o i s e  d e n s i t y  r a t i o  i s ,  
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I D. Modulat ion Index  o f  Ranging S i g n a l  

I 
A modula t ion  i n d e x  o f  0 . 7  i s  chosen f o r  t h e  r a n g i n g  ~ 1 .  

s i g n a l  on t h e  o r b i t e r  t o  b a l l o o n  l i n k  s o  t ha t  approx ima te ly  t he  
same c i r c u i t  margins  o c c u r  f o r  b o t h  r a n g i n g  and the  c a r r i e r .  

E. T o t a l  Receive Power a t  Output of  Ba l loon  Antenna 
c 

S i n c e  t h e  o r b i t e r  t r a n s m i t t e r  t o t a l  power o u t p u t  i s  
34.6 dbm i n  e i t h e r  mode, t he  t o t a l  r e c e i v e  power a t  t h e  o u t p u t  
of  t h e  b a l l o o n  an tenna  ( P t o t )  i s  c a l c u l a t e d  i n  Table  I V - 2 .  

F. C i r c u i t  Margins f o r  t h e  Carrier and Ranging S i g n a l  

C i r c u i t  margins  f o r  t h e  c a r r i e r  and r a n g i n g  s i g n a l  are 
c a l c u l a t e d  be  low. 

= -114.6 dbm t 1 0  l o g  s i n 2  ( 0 . 7 )  t 1 6 6 . 3  dbm 

= 47.9 db 

T h e r e f o r e ,  

( SR/No 1 
- F i n  R o req CMR - = 9.9 db 



.. 
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N o w ,  

CNRo = -114 .6  dbm - 2 . 3  db t 166.3 dbm 
e 

t 

= 49.4  db 

Therefore ,  

( CNRo 1 
= 11.1 db - 

CMC - '(CNRJ o req 
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a. 

b .  

C .  

d. 

e .  

f .  

g .  

h.  

i. 

j- 

TABLE I V - 1  

O r b i t e r  to Bal loon  Link Parameters f o r  t h e  
Communication and Track ing  Mode 

Frequency (nominal )  

O r b i t e r  Transmi t  Power i n t o  Transmiss ion  
L ine  

O r b i t e r  Line Loss 

O r b i t e r  Transmi t  Antenna Gain ( c o n i c a l  beam) 

P a t h  Length (maximum) 

Ba l loon  Antenna Temperature 

Ba l loon  Receive Antenna Gain ( a t  3 db p o i n t s )  

Ba l loon  Line Loss 

Ba l loon  Rece ive r  Noise F i g u r e  

Minimum CNRL i n  2 BL 

2100  MHz 

34.6 dbm 

2 db 

24  db 

4600 km 

1700' K 

1 db 

2 db 

6 db 

1 0  db 
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TABLE IV-2 

C a l c u l a t i o n  of  T o t a l  Receive Power a t  t h e  Output of  t h e  
Ba l loon  Antenna i n  the  Communication and T r a c k i n g  Mode 

O r b i t e r  T r a n s m i t t e r  Power 34.6 dbm 

Line  Loss  2.0 db 

O r b i t e r  Antenna Gain (conica l .  beam)  24.0 db 

Space Loss ( 4 6 0 0  km) 172.2 db 

B a l l o o n  Antenna Gain 1 . 0  db 

T o t a l  Power a t  Output  of Bal loon  Antenna ( P t o t )  - 1 1 4 . 6  dbm 
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